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Abstract 
Not all weather data are collected by federal agencies. Fueled by 
the need for more specific meteorological data in real or near-real 
time, the number of automated weather stations (AWSs) and AWS 
networks has expanded to the state and private sector over the past 
decade. This study employed a survey to determine the spatial 
extent and disposition of these nonfederal AWSs and AWS net-
works in the United States and Canada, the type of measurements 
taken, the operating procedures (i.e., maintenance and data-re-
trieval techniques), and the uses of the data (e.g., research, public 
service, agency needs). The rapid growth and expansion in the 
number of AWSs and networks can be viewed as a positive step 
toward expanding data available for meteorological research and 
service. As AWS networks continue to grow and expand in the 
United States and Canada, it is recommended that an AWS climatic 
database be established. With proper logistical coordination and the 
cooperation of network operators, development of such a database 
can become reality. 
1. Introduction 
The 1980s have seen a tremendous expansion in 
the number of nonfederal automated weatherstations 
(AWSs) and AWS networks across the United States 
and Canada. California, Minnesota, Nebraska, North 
Carolina, and Ohio were among the first to establish 
nonfederal AWS networks during the late 1970s and 
early 1980s. By the end of 1983, AWS networks were 
developed in Colorado, Florida, Idaho, Louisiana, 
New Mexico, New York, Oregon, and South Dakota. 
Since the mid-1980s, networks have become estab-
lished in Arizona, Illinois, Iowa, Kansas, North Dakota, 
Utah, Washington, and Wisconsin. Currently, there 
are major campaigns for the installment of networks in 
Alabama, Georgia, Nevada, and Oklahoma (Snyder 
1991, personal communication). 
The rapid increase in the number of nonfederal 
AWSs and networks has been fueled by the need for 
more specific meteorological data from a greater 
number of stations (i.e., stations whose distribution is 
'Published as Paper No. 9685, Journal Series, Nebraska Agricul-
tural Research Division. The work reported here was conducted 
under Nebraska Agricultural Research Division Project 27-008. 
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relatively dense) with the ability to provide the data in 
real or near-real time. The National Weather Service's 
(NWS) first-order stations are not spatially dense 
enough for many research purposes, and the current 
cooperative observer network—also operated by the 
NWS—generally provides temperature and precipita-
tion data only, but these data are not readily available 
on a next-day basis, the time frame desirable for many 
potential uses. Another factor fueling the growth of 
AWS networks is the capability of the AWS to accu-
rately measure and record meteorological variables 
over extended periods at relatively low expense and in 
the absence, if need be, of alternating current (AC) 
power (Tanner 1990). 
Accurate weather and climate data, and the infor-
mation that ensues, is one of the most important tools 
used by agricultural producers in decision making 
(Getz 1978; Vining et al. 1984; Weiss and Robb 1986; 
Carlson 1989; McNew et al. 1991). Dissemination of 
these data and information in a timely manner is 
essential if producers are to make the best possible 
decisions regarding operations given their current 
situation. 
Functional uses of data generated by AWSs have 
increased as dramatically as the number of stations 
and networks. Some of the applications for these data 
used in agricultural decision making include: crop 
water-use estimates (Meyer et al. 1989), irrigation 
scheduling (Heermann 1981), livestock management 
(Hahn 1981), integrated pest management (Jones et 
al. 1981), crop canopy temperature estimates (Sagar 
et al. 1988), forestry management (Running 1981), 
crop and soil moisture modeling (Meyer et al. 1991; 
Robinson and Hubbard 1990), frost and freeze warn-
ings and forecasts (Martsolf 1981; Ley and Kroeger 
1988), crop growth monitoring (Arkin and Dugas 1981), 
crop consulting and determination of crop insurance 
rates (Snyder 1991, personal communication), and 
drainage design and management (Curry et al. 1988). 
Both the total number of stations in use today and 
the corresponding number of functions served con-
tinue to be very dynamic quantities. To get a "snap-
shot" of this monitoring technology at one point in time, 
a questionnaire focusing on current use and opera-
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tions of AWSs was designed and a survey conducted. 
Survey objectives were to: 1) determine the number 
and location of AWSs, 2) determine the type of mea-
surements taken, and 3) learn more about operating 
procedures (i.e., maintenance and collection tech-
niques) and uses of data (e.g., dissemination as a 
public service, uses in research projects, inputs into 
crop models). 
The purpose of this paper is threefold: 1) to report 
the survey results with the intention of documenting 
the current state of nonfederal AWSs and networks in 
the United States and Canada, 2) to raise AWS 
operators' concern regarding their networks by point-
ing out differences in installation, maintenance, quality 
control, etc., among existing networks, and 3) to 
suggest more coordination between existing and fu-
ture networks, with the ultimate goal of establishing a 
national or possibly international AWS climatic data-
base. 
2. Procedures 
The questionnaire was mailed to three groups: 1) 
subscribers of The Tripod (a newsletter on advance-
ments being made in many aspects of AWSs and 
networks, published by the High Plains Climate Cen-
ter), 2) experiment station directors at all land grant 
universities for dissemination to faculty using AWSs, 
and 3) individuals identified by colleagues as having 
experience with AWSs and networks. The survey was 
conducted with 214 contacts. 
The first mailing of the questionnaire took place in 
December 1990. A second mailing was sent to those 
who had not responded by February 1991. Of the 214 
surveys mailed to AWS operators in the United States 
and Canada, 165 (77%) were returned. 
3. Results and discussion 
a. Number and location of automated weather 
stations in operation 
Of the 165 survey respondents, 100 (61%) are 
currently operating AWSs (97 operate stationary AWS 
networks). A total of 831 stationary and approximately 
150 nonstationary stations were identified. Locations 
of permanent stations are shown in Fig. 1. A dense 
area of AWS networking is observed in the economi-
cally important fruit- and vegetable-producing regions 
of California, and respective portions of Arizona, New 
Mexico, and Florida. A high density of AWS stations, 
important to the agronomic and livestock industries, is 
found in the corn and wheat belts of the Great Plains 
and Midwest. With economic interests in the wheat, 
orchard, and forest industries, the Pacific Northwest 
and intermountain states boast a dense network of 
automated stations. AWSs are also dense in areas of 
the Canadian Rocky Mountains for avalanche fore-
casting, and on the prairies and in the valleys to serve 
interests in wheat and other small-grain production. 
The size of the individual AWS networks is highly 
skewed (Table 1). The majority of networks (51%) 
consist of 5 stations or fewer, 35% of the networks 
TABLE 1. Services provided by, and surface cover surrounding, automated weather stations as a function of the AWS network size. 
Number of 
networks in 
category 
Number of 
stations in 
category 
Percentage of stations in each category serving the 
following functions:1 (average percentage for each 
function is listed below in parentheses) 
Research Public Agency Private 
Service Sector 
Other 
Number of stations 
over these surfaces: 
Grass 
1-5 50 104 84 
6-10 16 121 77 
11-15 9 122 100 
16-20 8 149 50 
>20 14 6082 72 
(82) 
35 
41 
56 
49 
71 
(39) 
7 
38 
34 
50 
56 
(28) 
14 
17 
22 
37 
47 
(21) 
7 
13 
0 
0 
9 
(9) 
62 
72 
62 
55 
186 
1The percentages within each category may exceed 100 because many stations function for more than one purpose. 
2Four survey respondents, operating 192 AWSs among them, did not provide a "Grass Surface/Other Surface" breakdown. 
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FIG. 1. Locations of stationary automated weather stations in the United States and Canada. 
consist of between 6 and 20 stations, and 14% of the 
networks consist of more than 20 stations. 
b. Functions served by the automated weather 
stations and networks 
Measurements are taken throughout the year by 
81% of AWS operators, while 19% are seasonal 
operators. The majority (79%) of seasonal operators 
take measurements during the growing-season months 
—installing stations during April or May and taking 
observations through September, October, or No-
vember—implying an agricultural emphasis. The re-
maining seasonal operators (21%) install stations 
during September, October, or November and take 
observations through April or May; these operators 
are located mainly in Canada, their automated sta-
tions functioning mainly for avalanche forecasting. 
These results suggest that operators taking measure-
ments during specific months of the year do so for a 
specific purpose. 
Listed by 82% of survey respondents, research is 
the primary function served by AWSs (Table 1). Public 
service was listed by 39% of the respondents, agency 
needs were specified by 28%, and private needs were 
identified by 21 % (obviously, many AWSs serve more 
than one function). "Other" functions, listed by 9% of 
AWS operators, include "testing station reliability," 
"teaching" and "demonstration purposes," "land-use 
decision making" and "land-use management," and 
"avalanche forecasting." 
Functions served by AWSs appear to be related to 
the number of stations managed. The smallest net-
works (1-5 AWSs) function to a greater extent for 
research (Table 1). As the network size increases, 
operators list a greater variety of functions served by 
AWSs. Also in Table 1 is the fact that although only 
14% of all networks are composed of 20 or more 
stations, these networks compose 55% of all AWSs in 
use. Therefore, although small in number, "large" 
networks represent a majority of the monitoring sites. 
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tions who maintain stations only once or twice a year 
are common. 
Surprisingly, 13% of AWS operators indicated they 
do not recalibrate sensors. Although some sensors 
(e.g., thermistors) may operate effectively for ex-
tended periods without recalibration, other sensors 
(e.g., tipping bucket raingages) need annual testing 
and possible realignment to provide unbiased mea-
surements. 
FIG. 2. Discrete frequency distribution of network maintenance in 
days. 
Examination of functions served by stations oper-
ated only part of the year showed that in all instances 
in which an operator manages a "small" network (1-5 
AWS's), those stations function entirely for research. 
Also, 14 of 15 networks operated only during summer 
months function exclusively or to a great extent for 
research. In contrast, three networks operated only 
during winter months function exclusively for public 
service. 
The type of surface and the surrounding vegetation 
can affect the microclimate near the earth's surface 
and thus the magnitude of the measured variable. Of 
all AWSs comprised by "smaller" networks (networks 
of 10 or fewer AWSs), the majority (60%) are main-
tained over a grass surface (Table 1). Conversely, the 
majority of AWSs (57%) comprised by "larger" net-
works (networks of 16 or more stations) are main-
tained over some "other" surface. A spatial distribution 
indicates nearly all AWSs in the Midwest, Great Plains, 
and Canadian prairie provinces are maintained over a 
grass surface. These networks tend to be smaller in 
size. AWSs maintained over some "other" surface are 
mostly sited in Rocky Mountain states and provinces 
and in forested areas of the Pacific Northwest, and 
tend to be larger in size. 
c. Automated weather station maintenance 
An adequate maintenance program is essential to 
the collection of accurate data. Most AWS operators 
regularly maintain their stations, the most common 
maintenance intervals being weekly or monthly (Fig. 
2). Other common maintenance intervals include daily, 
biweekly, bimonthly, quarterly, and semiannually. 
There is no specific pattern with respect to the number 
of stations operated and frequency of maintenance. In 
general, the fewer the number of stations operated, 
the more frequent the maintenance visits; however, 
examples of operators managing three or fewer sta-
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d. Methods of retrieving AWS data 
The method of retrieval can dictate the timeliness of 
the data collected. An audience of decision-making 
users can best be served if the data are available in a 
timely fashion. Allowing for real and near-real time use 
of the collected data, the majority of survey respon-
dents (52%) retrieve data via transmission through 
telephone communication (Fig. 3). Transmission 
through satellite communication and radio-frequency 
devices were listed by 10% and 15% of the respon-
dents, respectively. Although downloading data di-
rectly from data loggers to some storage device is 
more labor intensive, and thus the data are not always 
available in real or near-real time, 17% download 
directly to a laptop computer and 30% download 
directly to storage modules or digital data devices. 
Many respondents (19%) use alternative methods of 
collecting data, such as cassette tapes, short-haul 
modems, rad modems, multidrop modems, hardwiring 
to a personal computer, and dumping directly to a 
printer. 
e. Sensor heights on automated weather stations 
Data collected from AWSs have a multitude of 
applications. Often times, however, AWS operators 
have unique applications for data requiring unique 
sensor placement (both height and exposure). Be-
cause of such circumstances, no universally appli-
cable standards for AWS sensor height and install-
FIG. 3. Methods of retrieving automated weather station data. 
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TABLE 2. Standard meteorological sensor mounting heights used by three national/international organizations and five "large" stationary 
automated weather station networks located in the United States. Also listed are the mounting heights recommended by the American 
Association of State Climatologists for automated weather stations used in general climate and environmental monitoring and agricultural 
meteorology. 
National/International Standards for Meteorological Sensor Mounting Heights 
Organization Air Temperature Soil Temperature Humidity Wind Speed/ 
Direction 
Precipitation Solar Radiation 
WMOa 125-200 cm 5, 10, 20, 50, 100 cm 125-200 cm 1000 cm 30 cmb Free from any 
obstruction 
above the plane 
UKMOc 125-150 cm ? 125-150 cm 1000 cm 30 cmb Free from any 
obstruction 
above the plane 
NWS/NOAAd 150 cm 10 cm 150 cm 900-1000 cm As near to the 
ground as practical 
Meteorological Sensor Mounting Heights for Selected "Large" Stationary 
Automated Weather Station Networks in the United States 
AWS 
Network 
Air Temperature Soil Temperature Humidity Wind Speed/ 
Direction 
Precipitation Solar Radiation 
RAWSe 200 cm 10-50 cm 200 cm 600 cm 150-200 cm Free from any 
obstruction 
above the plane 
MESON ETf 150 cm 10 cm 150 cm 1000 cm As near to 
the ground 
as practical 
Free from any 
obstruction above 
the plane 
AWDNg 150 cm 10 cm 150 cm 300 cm 100 cm 200 cm, or free 
from any 
obstruction above 
the plane 
ICNh 200 cm 10, 20 cm 200 cm 1000 cm 100 cm 200 cm, or free 
from any 
obstruction above 
the plane 
CIMIS1 150 cm 15 cm 150 cm 200 cm 100 cm 200 cm, or free 
from any 
obstruction above 
the plane 
Recommended Meteorological Sensor Mounting Heights Adopted by the 
American Association of State Climatologists (AASC) 
Organization Air Temperature Soil Temperature Humidity Wind Speed/ 
Direction 
Precipitation Solar Radiation 
AASC 150 cm 10 cm 150 cm 300 cm 100 cm Free from any 
obstruction above 
the plane 
aWorld Meteorological Organization (1969), bHigher where conditions are not conducive, cUnited Kingdom Meteorological Office (1956), 
dNational Weather Service/National Oceanic and Atmospheric Administration (1987), eRemote Automated Weather Station (Finklin and 
Fischer 1990), fMesoscale Network (Crawford 1991), Automated Weather Data Network (Hubbard et al. 1983), Illinois Climate Network 
(Hollinger and Reinke 1990), California Irrigation Management and Information System (Snyder 1991, personal communication) 
Bulletin American Meteorological Society 453 
FIG. 4. Discrete frequency distribution of solar radiation sensor 
mounting heights on automated weather stations in the United 
States and Canada. 
ment practices have been set. Shown in Table 2 are 
the standard mounting heights of seven meteorologi-
cal sensors commonly found on AWSs as published 
by three national/international organizations—World 
Meteorological Organization (WMO) (1969), United 
Kingdom Meteorological Office (UKMO) (1956), and 
the National Weather Service/National Oceanic and 
Atmospheric Administration (NWS/NOAA) (1987). Also 
shown in Table 2 are the sensor-mounting heights 
used by five of the "large" stationary AWS networks 
operating in the United States. It is easily seen that 
sensor-mounting heights vary greatly depending on 
the set of standards adopted. 
It is well known that the height at which most 
meteorological variables are measured greatly affects 
their magnitude. For this reason, the American Asso-
ciation of State Climatologists (AASC) (1985), sug-
gests that where requirements do not dictate the 
height and exposure of sensors, a set of standards are 
recommended "in order to provide some measure of 
uniformity among the many networks being installed." 
The recommended standards are directed primarily to 
the needs of routine climatological and environmental 
monitoring, agricultural meteorology, and related ap-
plications. 
Below is an analysis of the placement of seven 
sensors—solar radiation, soil temperature, air tem-
perature, relative humidity, wind speed, wind direc-
tion, and precipitation—commonly found on AWS's. 
1) SOLAR RADIATION 
In order to measure incoming radiation, the sensor 
must be located above the plant canopy or any other 
obstruction. At some study sites (e.g., forests), this 
requires a higher placement of the sensor. Like the 
WMO, UKMO, NWS/NOAA, and operators of "large" 
stationary AWS networks, the AASC (1985) recom-
mends solar radiation sensors be mounted at any 
height provided the sensor is free from any obstruction 
above the horizontal plane (Table 2). The majority 
(72%) of AWSs measuring solar radiation have sen-
sors mounted at a height of 200 cm and 88% have 
sensors mounted between 200 and 300 cm (Fig. 4). 
One percent of AWSs have solar radiation sensors 
mounted at 1000 cm and another 1% have sensors 
mounted at 1500 cm or higher. 
2 ) SOIL TEMPERATURE 
The 10-cm depth for measuring soil temperature 
recommended by the AASC (1985) is consistent with 
that employed by most organizations and AWS net-
work operators (Table 2). The AASC (1985) also 
recommends sensors be placed below a 1-m2 area 
maintained in a state consistent with the surface type 
of interest. Of all AWSs measuring soil temperature, 
87% have sensors buried between surface level and 
10 cm, and 38% have sensors buried between 11 and 
20 cm (Fig. 5). Six percent of AWSs have sensors 
buried at 100 cm or deeper (obviously, many AWSs 
measure soil temperature at more than one depth). 
FIG. 5. Discrete frequency distribution of soil temperature sensor 
depths on automated weather stations in the United States and 
Canada. 
3 ) AIR TEMPERATURE AND RELATIVE HUMIDITY 
Relative humidity is a function of air temperature; 
therefore, these two sensors should be collocated. 
Because vertical temperature structure can vary from 
lapse to stable, sensor placement height is important. 
The AASC (1985) recommends air temperature and 
relative humidity sensors be mounted at a height of 
150 cm (Table 2). Of all AWSs measuring temperature 
and relative humidity, 55% and 28% have sensors 
mounted at 150 and 200 cm, respectively (Fig. 6). 
Many sensors (greater than 2%) were mounted higher 
than 500 cm, but no individual mounting height was 
represented by more than 1% of all AWSs. Sensors 
454 Vol. 73, No. 4, April 1992 
were placed at these heights due to specific project 
objectives or special terrain features (e.g., forested 
area). 
4 ) WIND SPEED AND DIRECTION 
Like temperature and relative humidity, wind speed 
and direction sensors are usually collocated. The 
AASC (1985) recommends a mounting height of 300 
cm for the wind speed and direction sensors as a 
reasonable compromise between the expense of set-
ting up tall towers required to meet WMO, UKMO, and 
NWS standards (1000 cm) and problems of exposure 
that increase at lower heights (Table 2). An optional 
height suggested by the AASC (1985) is 200 cm, since 
wind speed at this height is required as input for 
evapotranspiration estimates using the Penman equa-
tion (unless coefficients for the aerodynamic compo-
nent of the equation are derived for a specific height). 
Of all AWSs measuring wind speed and direction, 
25%, 31%, and 31% have sensors mounted at 200, 
300, and 1000 cm, respectively (Fig. 7). Again, spe-
cific project objectives or terrain features required 
many wind sensors be mounted higher than 1000 cm. 
FIG. 6. Discrete frequency distribution of air temperature and 
relative humidity sensor mounting heights on automated weather 
stations in the United States and Canada. 
(sensor mounted at 200 cm), photosynthetically active 
radiation (sensor mounted at 250 cm), forest-canopy 
precipitation throughfall (sensor mounted at 100 cm), 
and temperature inversion measurements from a tower 
(sensors mounted at 150, 9750, and 15 240 cm). 
5 ) PRECIPITATION 
Although a mounting height of 30 cm is recom-
mended by the WMO and UKMO (NWS/NOAA can 
also be included since their recommendation is to 
place the sensor as near to the ground as possible), a 
mounting height of 100 cm is recommended by the 
AASC (1985) for precipitation sensors (Table 2), ex-
cept in cold climates where the sensor height may 
need to be increased to avoid snow cover. A mounting 
height of 100 cm not only minimizes problems due to 
drifting snow but also liquid precipitation splash-in. 
Nearly all AWSs measuring precipitation have sen-
sors placed between ground level and 200 cm (Fig. 8). 
The most common sensor heights are 50, 100, and 
200 cm, representing 18, 44, and 11% of AWSs 
measuring precipitation, respectively. Precipitation 
sensors mounted beyond 200 cm are common, but 
are so mounted due to special terrain features or cold 
climates. 
4. Summary and conclusions 
During the 1980s, there was a dramatic increase in 
the number of nonfederal automated weather stations 
and automated weatherstation networks in the United 
States and Canada. The growth was fueled by the 
need for real- and near-real-time weather data, data 
not routinely collected (e.g., solar radiation) by the 
usual sources (such as the National Weather Service), 
and a greater spatial density of stations. 
Survey results reported here show that data col-
lected by AWSs are used for a multitude of purposes, 
6 ) MISCELLANEOUS 
Survey respondents listed several other sensors 
used in AWS settings. Some of the more commonly 
identified "miscellaneous" sensors were pan evapora-
tion (mounted at ground level, 30 cm, and 40 cm), air 
pressure (sensor mounted at 50, 500, and 1000 cm), 
leaf wetness (sensor mounted at leaf level, usually 
around 30 cm), and snow depth (sensor mounted at 
300 cm). Other sensors mentioned were gamma 
radiation, sunshine duration, rainfall conductivity (sen-
sors mounted at 500 and 1000 cm), diffuse radiation 
FIG. 7. Discrete frequency distribution of wind speed and direc-
tion sensor mounting heights on automated weather stations in the 
United States and Canada. 
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FIG. 8. Discrete frequency distribution of precipitation sensor 
mounting heights on automated weather stations in the United 
States and Canada. 
but most pronounced are the agriculturally related 
purposes. Station locations—e.g., fruit and vegetable 
growing areas of California, Arizona, and Florida, and 
crop and livestock regions of the corn and wheat belts 
of the Great Plains, Midwest, Pacific Northwest, Cana-
dian provinces, and intermountain states—empha-
size this relationship with agriculture. 
Survey respondents indicated that automated sta-
tions function more for research than for any other 
purpose. However, a significant percentage of re-
spondents utilize AWS data for public service and 
agency and private needs. 
Most AWS operators maintain their stations at 
regular intervals. However, a surprisingly high per-
centage of respondents indicated that they do not 
calibrate their sensors. 
The study showed that similar sensors are mounted 
at a wide array of heights. Specific project objectives 
or terrain features sometimes require unique sensor 
placement (height and exposure). However, all too 
often sensors are placed at some arbitrary height that 
could bias the magnitude of the measured variable. 
Therefore, it is strongly recommended that some 
standard be developed for AWS sensor placement. 
This is particularly true for stations collecting data 
primarily to address the needs of routine climatologi-
cal and environmental monitoring and agricultural 
meteorology. 
The increasing number of automated weather sta-
tions and networks can be viewed as a positive step 
toward expanding the data available for meteorologi-
cal research and service. As AWS networks continue 
to grow and expand in the United States and Canada, 
it is recommended that an AWS climatic database 
become established. Such a database could become 
a valuable source of data for future climatic, environ-
mental, and agronomic studies. With proper logistical 
coordination and the cooperation of network opera-
tors, development of such a database can become 
reality. 
[Note: Individuals operating nonfederal AWSs and 
AWS networks, who wish to participate in this survey, 
can contact the authors at the address shown on the 
title page.] 
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